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Abstract
Group theoretical realizations containing the electroweak sector of the Standard Model are dis-
cussed from the supersymmetry point of view. Dynamical breaking of the symmetry is performed
and the corresponding quadratic (super Yang-Mills) Lagrangian is obtained. Supercoherent states
of the Klauder-Perelomov type are defined to enlarge the symmetry taking into account the geome-
try of the coset based in the simplest supergroup SU (2 | 1) as the structural basis of the electroweak
sector of the SM. The extended model is superintegrable and the superconnection in the odd part
takes a dynamical character. The physical and geometrical implications of the additional degrees
of freedom interpreted as a hidden sector of the representation are briefly discussed.
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I. INTRODUCTION
As it is well known, the Standard Model (SM) of particle physics and General Relativity
are extremely successful phenomenologically based theories. In the case of the SM, the ap-
parent last building block associated with the Higgs sector has been detected experimentally
in 2012. However, the discovery of the Higgs boson with the mass of about 125 GeV doesn’t
solve the hierarchy problem of the SM. There are also several questions coming from both
astrophysical and cosmological scenarios where the necessity of new exotic states (possibly
from supersymmetrical or composite) is quite obvious. This incompleteness of the SM, which
is the case to be particularly treated here, is a clear indication that new models with a richer
geometric and algebraic structure should be considered. With this aim and motivation in
this paper we will apply the model described in our previous works to solve the problem
of the symmetry rupture as the content of fields, both those corresponding to the SM, plus
other additional ones emerging from the group structure.
In the language of superbundles in our previous work [1], the fiber was defined as E =
E(U4, F = E
2(V ′4 , S), G = SO(4, 2)) where P = P (U4, F = G = SO(4, 2)) was the
associated bundle and G can be viewed as the bundle P (G/H,H). The geometrical meaning
in this statement, is that the soldering of E is obtained by identifying the tangent space of
V ′4 of F at the point, namely, ψ = ψ
0 with the local tangent space Tx of U4 at x through
an isomorphism. Consequently, the point ψ0 (the origin of V ′4) is geometrically the contact
point between the base space (spacetime) and the fiber at x ∈ U4.
Now we treat the simplest supergroup as the principal bundle SU (2|1) that have several
very interesting features. In particular, the matrix representation is performed exactly as
the SU (3) Gell-Mann matrices with the only change in the structure of the diagonal matrix
Λ8 that is of non-zero trace. This important characteristic of the supergroup SU (2|1)
facilitates calculations (which are usually rather complex, in particular for the construction
of supercoherent states). Moreover, the interpretation of the results can be performed from
the point of view of a grand unification theory beyond the SM [2].
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II. GAUGE STRUCTURE AND SUPERCONNECTIONS: SU(2/1)
The superconnection was introduced by Quillen in mathematics, it is a supermatrix
belonging to a given supergroup S valued over elements of a Grassmann algebra of forms.
The even part of the supermatrix is valued over the gauge potentials of the even subgroup
G ⊂ S, one-forms Bdx on the base M manifold of the bundle, realizing the “gauging” of
G. The odd part of the supermatrix, representing the quotient S/G = H ⊂ S, is valued
over zero-forms in that Grassmann algebra, physically interpreted as the Higgs multiplet
in a spontaneously broken G gauge theory. In some quantum treatments which are set to
reproduce geometrically the ghost fields and BRST equations, the Grassmann algebra is
taken over the complete bundle variable.
The first physical example of a superconnection preceded Quillen’s theory. This was
the Neeman’s et al. supergroup proposal [3, 4] for an algebraically irreducible electroweak
unification. Lacking Quillen’s generalized formulation, the model appeared to suffer from
spin-statistics interpretative complications for physical fields. The structural Z grading of
Lie superalgebras, as previously used in physics (e.g. in SUGRA etc.) corresponds to the
grading inherent in quantum statistics, i.e. to Bose–Fermi transitions, so that the invariance
under the supergroup represents symmetry between bosons and fermions. In the proposal [3],
however, though the superconnection itself does fit the quantum statistics ansatz. This is
realized through the order of the forms in the geometrical space of the Grassmann algebra,
rather than through the quantum statistics of the particle Hilbert space.
A. Supergroup structure
The generator structure for exponential representation of the group under considerations
reads [1, 3, 5]
J =
M φ
φ N
 . (1)
The even generators in this structure are
λ1 =

0 1 0
1 0 0
0 0 0
 , λ2 =

0 −i 0
i 0 0
0 0 0
 , λ3 =

1 0 0
0 −1 0
0 0 0
 , λ8 =

−1 0 0
0 −1 0
0 0 −2
 (2)
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and the odd ones are
λ4 =

0 0 1
0 0 0
1 0 0
 , λ5 =

0 0 −i
0 0 0
i 0 0
 , λ6 =

0 0 0
0 0 1
0 1 0
 , λ7 =

0 0 0
0 0 −i
0 i 0
 . (3)
The diagonal matrices are related to the following important operators: I3L ≡ 12λ3, the
gradation operator UQ ≡
√
3λ8, and the new operator that is fixed by the orthogonality in
U(2/1):
λ0 ≡
√
2
3

1 0 0
0 1 0
0 0 −1
 . (4)
In previous studies the latter was related with the chirality of the model defined by
√
3
2
λ0.
B. Element of the supergroup: K ∈ B1,H ∈ B0 :
We have seen that in the ordinary parameterization, an element of the supergroup can
be written as [2, 5, 6]
K = 1√
1 + φ†φ
 I2×2 φ
φ† 1
 (5)
with
φ =
tan
√
v†v√
v†v
v and v =
 θ4 − iθ5
θ6 − iθ7
 (6)
and
H =
 we−iθ8/√3 02×1
01×2 e−2iθ8/
√
3
 (7)
U = KH, (8)
with
w =
i√
1 +W 2

−iI︷ ︸︸ ︷ −i 0
0 −i
 +
Y ·σ︷ ︸︸ ︷ W3 W−
W+ −W3

 , W3,± =
tan
√
θ2√
θ2
θ3,±, (9)
θ2 = θ21 + θ
2
2 + θ
2
3, θ− = (θ1 − iθ2) , θ+ = (θ1 + iθ2) . (10)
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U = 1√
1 + Z†Z
 we−iθ8/√3 φe−2iθ8/√3
φ†we−iθ8/
√
3 e−2iθ8/
√
3
 . (11)
Consequently, the element of the supergroup can be explicitly written as
U = 1√
1 + Z†Z
 we−iθ8/√3 φe−2iθ8/√3
φ†we−iθ8/
√
3 e−2iθ8/
√
3
 . (12)
Note that
i) in U , the even part of the group structure (corresponding with the electroweak sector,
namely SU(2)⊗ U(1)) is exactly preserved;
ii) the non diagonal blocks (the odd part) in U can be interpreted as new fermion-boson
interaction;
iii) H =exp
(∑
θkσk
k=1,2,3,8
)
and w=exp
(∑
θkσk
k=1,2,3
)
∈ SU(2)L;
iv) there are other parameterization symmetrical (Borel type) ones involving ladder operators
that we will use in the construction of the corresponding supercoherent states.
III. SUPERCURVATURE AND LAGRANGIAN
Due to the identification of the superconnection and U , we can see that from
Γ =
e−iθ8/
√
3√
1 + φ†φ

 w 02×1
01×2 e−iθ8/
√
3
+
 02×2 φe−iθ8/√3
φ†w 0
 (13)
≡ Γeven + Γodd (14)
one can obtain the super-Riemannian curvature in the language of superforms:
dΓeven + Γeven ∧ Γeven + Γodd ∨ Γodd → dΓeven + [Γeven,Γeven] + {Γodd,Γodd} (15)
dΓodd + Γeven ∧ Γodd → dΓeven + [Γeven,Γodd] . (16)
To compute the above equations that define the supercurvature, it is useful to have in
mind that the tensor product of a commutative superalgebra of differential forms and a Lie
superalgebra is again a Lie superalgebra with the product
[a⊗X, b⊗ Y ] = −1|X||b| (a ∧ b)⊗ [X, Y ] . (17)
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The next step is to compute the above quantities explicitly. To this end we rewrite the
connection in the original form as
Γ =
e−iθ8/
√
3√
1 + φ†φ︸ ︷︷ ︸
Ω


w︷ ︸︸ ︷
i√
1 +W 2
W3 − i W−
W+ −W3 − i
 02×1
01×2 e−iθ8/
√
3

︸ ︷︷ ︸
Γ˜even
+ i
 02×2 φ
φ† 0
 Γ˜even︸ ︷︷ ︸
,
Γ˜odd

(18)
=
e−iθ8/
√
3
√
1 + Z†Z

1 + i
 02×2 φ
φ† 0
 w 02×1
01×2 e−iθ8/
√
3

︸ ︷︷ ︸
Γ˜even

, (19)
dΓ = d
(
e−iθ8/
√
3√
1 + φ†φ
)
∧
(
Γ˜even + Γ˜odd
)
+
e−iθ8/
√
3√
1 + φ†φ
(
dΓ˜even + dΓ˜odd
)
, (20)
dw = d
(
i√
1 +W 2
)
∧
W3 − i W−
W+ −W3 − i
+ i√
1 +W 2
d
W3 − i W−
W+ −W3 − i
 . (21)
Consequently,
dΓ˜even =
 dw 02×1
01×2 d
(
e−iθ8/
√
3
)  , (22)
dΓ˜odd = i
 02×2 dφ− φ ∧ d(ln e−iθ8/√3)
dφ† + φ† ∧ d lnw 0
 Γ˜even, (23)
[
Γ˜even, Γ˜even
]
=
−1
1 +W 2
Wi ∧Wjǫijkσk 02×1
01×2 0
 , (24)
{
Γ˜odd, Γ˜odd
}
= −4i
 φe−iθ8/√3φ† 02×1
01×2 φ†wφ
 Γ˜even, (25)
[
Γ˜even, Γ˜odd
]
= −2i
 02×2 (w − Ie−iθ8/√3)φ
φ†
(
Ie−iθ8/
√
3 − w
)
0
 Γ˜even. (26)
The supercurvatures with the above definitions can be computed in the usual way.
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A. Odd supercurvature and Weinberg angle
The explicit computation of the odd supercurvature gives
dΓodd + Γeven ∧ Γodd ≡
− iΩΓeven

 02×2 dφ− 2Ω(w − Ie−iθ8/√3)φ
dφ† + 2Ω
(
w − Ie−iθ8/
√
3
)
φ†0

+ i
 02×2 −φ ∧ d ln(Ωe−iθ8/√3)
φ† ∧ d ln (Ωw) 0
 . (27)
Now we use the detailed association (at the end in the Appendix III), to identify the physical
fields, namely
W →W˜≡W˜ · σ → e
−iθ8/
√
3√
1 + φ†φ
i√
1 +W 2
 W3 W−
W+ −W3

︸ ︷︷ ︸
W ·σ
, (28)
− 1√
3
B · I2×2 → − 1√
3
B˜ · I2×2 →︸︷︷︸
B−dθ
− e
−iθ8/
√
3√
1 + φ†φ
i√
1 +W 2
I2×2. (29)
For consistency, it should be supplemented with the transformation law of the gauge of the
1-form associated with λ8:
B → B − dθ.
Then, rewriting accordingly we arrive to
dΓodd + Γeven ∧ Γodd
≡ −i
 02×2 dφ˜− 2i [W˜ · σ − g′√3B˜ · I2×2] φ˜
dφ˜† + 2iφ˜†
[
W˜ · σ − g′√
3
B˜ · I2×2
]
0
 , (30)
where we defined g′ ≡
(
1− 2
√
1− W˜ 2
)
. The covariant derivative induced via pullback
(it is necessary to make the correspondence with the electroweak sector of the SM) can be
immediately identified [4, 7]
Dµφ˜ = ∂µφ˜− 2i
[
σ · W˜µ − 1√
3
I2×2B˜µ
(
1− 2
√
1− W˜ 2
)]
φ˜. (31)
The electroweak mixing angle θW is determined via the relation between the gauge couplings
g and g′ in the above equation:
Dµφ = ∂µφ˜− 2i
(
gW˜µ · σ − g′I2×2B˜µ
)
φ˜, (32)
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then
sin2 θW =
g′2
g2 + g′2 →
(
1− 2
√
1− W˜ 2
)2
3 +
(
1− 2
√
1− W˜ 2
)2 . (33)
If W 2 ∼ 0 then
sin2 θW
∣∣
W 2→0 =
g′2
g2 + g′2 →
(1− 2)2
3 + (1− 2)2 → 0.25. (34)
B. Even supercurvature
In the same way as before for the odd part of the supercurvature, we get the even part
in the form
dΓeven + [Γeven,Γeven] + {Γodd,Γodd} → (35)
→
 dW˜k + W˜i ∧ W˜jǫijkσk + d( 1√3B˜)− 4φ˜φ˜† 02×1
01×2 d
(
2√
3
B˜
)
− 4φ˜†φ˜
 .
Consequently, the full supercurvature takes the form
F ≡
 dW˜k + W˜i ∧ W˜jǫijkσk + d
(
1√
3
B˜
)
− 4φ˜φ˜† Dφ˜(
Dφ˜
)†
d
(
2√
3
B˜
)
− 4φ˜†φ˜
 . (36)
Note that a tilde indicates here that the respective quantities are affected by the induced
supercurvature due the pullback from the algebra (vector space) to the group representation.
IV. SUPERCONNECTIONS AND SUPERGEOMETRY
The strategy to extend the symmetry without breaking the group theoretical features of
the model is realized as follows.
i) If we have two diffeomorphic (or gauge) non-equivalent SU(2|1) valuated superconnec-
tions, namely ΓAB and Γ˜AB. Their difference transforms as a second rank three-supertensor
under the action of SU(2|1):
κAB = GACG
B
Dκ
CD, (37)
κAB ≡ Γ˜AB − ΓAB. (38)
ii) If we calculate now the curvature from Γ˜AB, we obtain
R˜AB = RAB +DκAB, (39)
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where the SU(2|1) supercovariant derivative is defined in the usual way (see the previous
Section)
DκAB = dκAB + ΓAC ∧ κCB + ΓBD ∧ κAD. (40)
iii) Redefining the SU(2|1) three vectors as V A2 ≡ ψA and V B1 ≡ ϕB (in order to put all
in the standard notation), the 2-form κAB can be constructed as
κAB → ψ[AϕB}dU, (41)
where U is a super-scalar function. Then we introduce all into the R˜AB and get
R˜AB = RAB +D (ψ[AϕB}dU)
= RAB +
(
ψ[ADϕB} − ϕ[ADψB}) ∧ dU. (42)
Note that the supercurvature R˜AB splits into even and odd parts as indicated in the pre-
vious Section, being the capital letters the multi-index A,B,C etc. corresponding to the
supercoordinates of the su(2|1) superspace.
iv) Let us define
θ˜A = D˜ϕA (43)
with the extended superconnection Γ˜AB = ΓAB + κAB, then
θ˜A = DϕA︸︷︷︸
θA
+ κABϕ
B,
θ˜A = θA +
[
ψA
(
ϕB
)2 − ϕA (ψ · ϕ)] ∧ dU, (44)
where
(
ϕB
)2
=
(
ϕ Bϕ
B
)
and (ψ · ϕ) = ψBϕB etc.
In the same manner we also define
η˜A = D˜ψA,
η˜A = ηA +
[
ψA2 (ψ · ϕ)− ϕA
(
ψB
)2] ∧ dU. (45)
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V. EXTENDED SUPERCURVATURE
From the original superconnection extended in the way described in the previous Section,
the extended supercurvature is computed in the straightforward manner as
FABext = FAB +De
(
ψ[AϕB}dU
)
(46)
= FAB + (ψ[ADϕB} − ϕ[ADψB}) ∧ dU
+
(
ψ[AκBCϕ
C} − ϕ[AκBCψC}
) ∧ dU (47)
=
 DW˜k + 1√3DB˜ − 4φ˜φ˜† Dφ˜− 2ψ˜φ˜ϕ˜(
Dφ˜
)†
+ 2ϕ˜φ˜†ψ˜ 2√
3
DB˜ − 4φ˜†φ˜+
(
ψ˜dϕ˜− ϕ˜dψ˜
)
+ 2ψ˜2ϕ˜2
 , (48)
where 2
(
ψ˜2ϕ˜2 +
(
ψ˜ · ϕ˜
)2)
= ψ˜2ϕ˜2 due to the N = 1 Fierz identities[15] we get DW˜k =(
dW˜k + W˜i ∧ W˜jǫijk
)
σk and DB˜ = dB˜. Note that, at the supercurvature level, a Dirac-
type term, namely
(
ψ˜dϕ˜− ϕ˜dψ˜
)
+2ψ˜2ϕ˜2 plus the couplings with φ˜† and φ˜ are geometrically
induced by the extension of the original superalgebra.
VI. SUPERLAGRANGIAN
A. Case 1: ψ˜, ϕ˜ = const.
From Eq. (48) in the constant case for the fiducial vectors, namely for dϕ˜ = dψ˜ = 0, we
have
S =
1
4
〈Fext,Fext〉 (49)
=
∫
d4x
[
−1
4
((
F extW
)
µν
(
F extW
)µν
+
(
F extB
)
µν
(
F extB
)µν)
+
(
Dφ˜
)†
Dφ˜− V
(
φ˜†, φ˜, ψ˜, ϕ˜
)]
,
F extWk = dW˜k + W˜i ∧ W˜jǫijk, (50)
F extBµν = ∂µBν − ∂νBµ, (51)
V
(
φ˜†,φ˜, ψ˜, ϕ˜
)
= 16
[(
φ˜†φ˜− v
2
8
)(
φ˜†φ˜+
v2
8
)]
, (52)
where we defined
v2 = 2
(
ψ˜2ϕ˜2 +
(
ψ˜ · ϕ˜
)2)
= ψ˜2ϕ˜2. (53)
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Gauge couplings g and g′ are not modified in the covariant derivative. Consequently, as-
suming similar conditions as in the SM (see that the even sector is just SU(2) ⊗ U(1)), so
the masses of the W˜ and Z˜ =
√
3W˜ 3−B˜
2
gauge bosons become
MW˜ = g
v
2
, MZ˜ =
√
g2 + g′2
v
2
. (54)
For g = 1 the expressions are simplified even more.
B. Case 2: ψ˜ = ψ˜ (z) , ϕ˜ = ϕ˜ (z)
In this particular case we propose(
ψ˜dϕ˜− ϕ˜dψ˜
)
+ ψ˜2ϕ˜2 ≡ v2. (55)
Consequently, multiplying (55) by
(
ψ˜ϕ˜
)−1
we obtain the differential equation for the con-
traction
(
ψ˜ϕ˜
)
and get the following result(
ψ˜ϕ˜
)
=
(
ψ˜0ϕ˜0
)
︸ ︷︷ ︸
̺
v√
2
tanh[(z − z0)
√
2v]. (56)
Note that the equation is on the third components of the respective fiducial vectors ψA and
ϕBand z is a super coordinate of the manifold SU(2 | 1) -valuated. Here z ≡ zAEA is a
general coordinate of the supergeometry (induced via the pullback with {EA} the corre-
sponding vector basis) from su(2 | 1)). The above result is new and is very important due
to the possibility to change the character of the su(2 | 1) valuated supercovariant derivative
into a dynamical one. Then, the extended supercurvature becomes DW˜ +D
(
1√
3
B˜
)
− 4φ˜φ˜† Dφ˜−√2̺v tanh[(z − z0)
√
2v]φ˜(
Dφ˜
)†
+
√
2̺v tanh[(z − z0)
√
2v]φ˜† D
(
2√
3
B˜
)
− 4φ˜†φ˜+ v2
 . (57)
As in the standard case, we can take φ adimensionalized as appear in the exponential
representation of the SU(2 | 1) (from the group to the physical scenario). To this end we
construct the φ field as
φ =
1
φ0
 π+
v+h+iπ0
2
 1√
1 + 1
φ2
0
(
π+2 + (v+h)
2+(π0)2
4
) (58)
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FIG. 1:
(
ψ˜ϕ˜
)
for v = 0.5.
FIG. 2:
(
ψ˜ϕ˜
)
for v = 2.
FIG. 3:
(
ψ˜ϕ˜
)
for v = −i.
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FIG. 4:
(
ψ˜ϕ˜
)
for v = 0.6i.
FIG. 5:
(
ψ˜ϕ˜
)
as a function of spacetime coordinate and v.
including the values v, h for the Higgs field and π and some bare quantity φ0 to be deter-
mined. Extracting from the geometrically induced extended superpotential V
(
φ˜†,φ˜, ψ˜, ϕ˜
)
,
see Eq. (52), the (adimensionalized) mass term for h
∼ · · ·+ 1
φ40
16 (2vh)2
4
[
1 + 1
φ2
0
(
π+2 + (v+h)
2+(π0)2
4
)]2 + · · · (59)
14
FIG. 6: Superpotential as function of φ and v.
Then, at the tree level we obtain the adimensionalized Higgs mass as
MH |treeAD ∼
4
√
2v
φ0
[
1 + 1
φ2
0
(
π+2 + (v+h)
2+(π0)2
4
)] . (60)
Consequently the physical mass is given by
MH |tree = φ0 MH |treeAD ∼
4
√
2v[
1 + 1
φ2
0
(
π+2 + (v+h)
2+(π0)2
4
)] . (61)
The normalizing field φ0 can be determined from the expression (56) by the constant of
integration that would indicate that ρ−1 ∼ φ0.
VII. SYMMETRY BREAKING MECHANISM
In spite of great theoretical achievements on can’t say that symmetry breaking (sponta-
neous or not) in gauge field theories and nonlinear phenomenological Lagrangians is com-
pletely well understood. A rather close relationship of spontaneous symmetry breaking with
nonlinearly realized symmetries was stressed long time ago by many people [8–12]. In the
formalism of nonlinear realizations, we are dealing with the invariance of a Lagrangian under
a given group G of field transformations. Generally these invariances, however, are partially
linear and partially nonlinear. It happens that there is a subgroup H of G, called the stabil-
ity group, which in well studied spontaneously broken theories corresponds to the symmetry
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group of the vacuum state and acts on all fields and the covariant derivatives linearly. The
remaining transformations of the larger group of invariance, namely, those belonging to the
coset G/H , change the vacuum state and produce nonlinear transformations on the physical
fields and covariant derivatives.
In this context, following our previous work [1, 13], the natural interpretation in the
language of coherent states is extremely clear and concise, namely the group structure is
chosen in the form
G = G/H ⊗H.
The subgroup H gives the transformations defining the vacuum states and consequently the
set of fiducial vectors spanning the vacuum sub-space.
The coset G/H gives the remaining transformations changing the vacuum states and
therefore producing nonlinear (Bogoliubov) transformations of physical fields and induced
covariant derivatives. As we can see from the previous Sections, the breaking of the super-
symmetries in this case is driven by the supercoherent states (constructed by the action of
the supergroup SU(2 | 1) on supervectors as described in Appendixes I and III) in the same
way as in Ref. [1]. However, in this case, the original representation is still preserved because
everything is an internal space of symmetry: it only extends in contrast to our previous work
where the representation also included the external space-time.
VIII. CONCLUDING REMARKS AND OUTLOOK
In this paper we developed a possible description of the electroweak sector of the SM using
the methods described in our paper [1]. As we see, using naturally a coherent superstate
based on the simplest supergroup SU(2 | 1) which is the group of dynamic symmetry of the
supersphere. This is naturally isomorphic to the group OSp(2 | 2) from the point of view
of algebra, keeping invariant in the natural factorization, the even part SU(2)⊗ U(1). Our
interpretation of the odd sector is that physically it might be a hidden counterpart of the
Standard Model.
In one of the cases discussed here that is particularly interesting, the diagonal part corre-
sponding to the even sector that defines a geometrically induced differential equation for a
component of a super-field. This differential equation can be considered non-homogeneous,
specifically equal to the constant of the mean value of the condensate v2 or superscalar
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product between such coherent superfields that extend the original superalgebra. The reso-
lution of the differential equation results in a solution 57 as indicated in figures 1—5. They
describes the compact solutions (1,2) and noncompact ones (3,4) respectively. Fig. 5 repre-
sents the 3-dimensional picture and Fig. 6 the superpotential. This fact, namely getting the
supersymmetric solitonic solutions [14] shows the superintegrability of the super-extended
model.
It is good to note that the superpotential is an exact difference of squares in contrast to
the standard case where the quadratic part appears. With respect to the statistics and other
issues corresponding to the structure of the group, here the field corresponding to the Higgs
appears as odd in the representation but as SU(2) scalar (doublet) from the Lagrangian
point of view. In this same line we see that the field associated with the Higgs must be a
scalar of SU(2) because it is extended by means of the ”fermionic condensate” given by the
fiducial vectors (vacuum, ψϕ) of the supercoherent states (see Figs. (52,53)). Consequently,
there is no problem with respect to the bosonic character of φ. However, the very geometrical
structure of the simplest supergroup must define the correctness of the sign of the dynamical
terms of the additional superfields.
This fact (under investigation now) is in part connected with the observation made in
Ref. [4]: changing the value of λ8 to have trace equal to −2, the structure of the represen-
tation goes from SU(3) to SU(2 | 1), i.e. from a Lie structure to a graded Lie one. In our
case, the final structure is of a dynamic character.
Regarding the relationship with the approach of nonlinear realizations, the link is direct
considering that the field φ˜ which plays the role of Higgs could be clearly eliminated at the
expense of the fields of the hidden super-sector ψ˜, ϕ˜ and the constant v(playing the final role
of expectation value). This observation is consistent considering that the antidiagonal part
of the supercurvature (57) it is precisely the Maurer-Cartan superform associated with the
breaking of some (super) symmetry in a standard way: canceling precisely that superform
(e.g. Dφ˜ = dφ˜)
ωφ˜ = 0→ dφ˜ =
√
2̺v tanh[(z − z0)
√
2v]φ˜→ d
(
ln φ˜
)
= ̺ tanhX dX, (62)
with X ≡ (z − z0)
√
2v, the result is easily obtained as
φ˜ = φ˜0(cosh[(z − z0)
√
2v])ρ , φ˜0 = const (63)
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FIG. 7: The shape of the Higgs doublet phi as a function of the su(2|1) valuated coordinates and
fermion condensate ρ.
being z ≡ zAEA the supercoordinate SU(2 | 1) valuated (with the superbasis carrying the
superalgebra symmetry). If we define again tanh (X/2) = Λ then (63) can be written as
φ˜ = φ˜0
(
1 + Λ2
1− Λ2
)ρ
, φ˜0 = const (64)
The above results are very important:
1) the ”Higgs” doublet φ˜ as we see is soliton type superintegrable for determined values
of ρ < 0 (our ”fermion condensate”) and for the other case it shape turns to be divergent
as we see in figure in this Section.
2) When ρ is zero, the cut branch appears, passing the field φ˜from a compact configuration
(soliton type) to a divergent one.
3) We can see from (64) that φ˜ depends on the fields ψ˜, ϕ˜ of the hidden supersector of
the model.
4)From the dynamic point of view the difference with the solutions in the similar cases
obtained in other approaches (e.g. nonlinear realizations) is the exponential dependence
with respect to ρ that gives the soliton shape (location / confinement) of the Higgs doublet.
In the next step, explicit form of the ψ, ϕ supercoherent states will be performed and
the full supergroup SU(2, 2 | 1) will be considered in the same way as a basis of a model
containing the extension of GR and SM in a unified way.
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IX. APPENDIX I. COSET COHERENT STATES
Let us remind the definition of coset coherent states
H0 = {g ∈ G | U (g)V0 = V0} ⊂ G. (65)
Consequently the orbit is isomorphic to the coset, i.e.
O (V0) ≃ G/H0. (66)
Analogously, if we remit to the operators
|V0〉 〈V0| ≡ ρ0. (67)
Then the orbit
O (V0) ≃ G/H (68)
with
H = {g ∈ G | U (g)V0 = θV0}
=
{
g ∈ G | U (g) ρ0U † (g) = ρ0
} ⊂ G. (69)
The orbits are identified with cosets spaces of G with respect to the corresponding stability
subgroups H0 and H being the vectors V0 in the second case defined within a phase. From
the quantum viewpoint |V0〉 ∈ H (the Hilbert space) and ρ0 ∈ F (the Fock space) are V0
normalized fiducial vectors (embedded unit sphere in H).
X. APPENDIX II. SUPERCONNECTION AND ALGEBRA GENERATING THE
GROUP
i) The superconnection as defined in the case of [3, 4] involves the vector space via
gauging over the superalgebra where the even part is, phenomenologically speaking, as in
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the electroweak sector
J = i
W − 1√3B · I2×2 02×1
01×2 − 2√3B
+ i
 02×2 √2φ√
2φ† 0
 , W ≡W · σ.
ii) In our case, we are working over the group structure (pullback) where the physics lives
U = e
−iθ8/
√
3
√
1 + Z†Z

 w 02×1
01×2 e−iθ8/
√
3
+
 02×2 φe−iθ8/√3
φ†w 0
 .
The difference with respect to the previous case is evident.
3) From the algebra generating the group (e.g. J → U) via the pullback we obtain the
nonlinear structure of fields as follows
W →W˜≡W˜ · σ → e
−iθ8/
√
3√
1 + φ†φ
i√
1 +W 2
 W3 W−
W+ −W3
 (70)
− 1√
3
B · I2×2 → − 1√
3
B˜ · I2×2 ≡ − e
−iθ8/
√
3√
1 + φ†φ
i√
1 +W 2
I2×2 (71)
(note that
1√
1 + φ†φ
= cos |v|), (72)
W3 → W˜3 ≡ W3 e
−iθ8/
√
3√
1 + φ†φ
i√
1 +W 2
, (73)
W± → W˜± ≡W± e
−iθ8/
√
3√
1 + φ†φ
i√
1 +W 2
, (74)
√
2φ→
√
2φ˜ ≡ e−2iθ8/
√
3 1√
1 + φ†φ
 θ4 + iθ5
θ6 + iθ7

︸ ︷︷ ︸
Z
, (75)
√
2φ→
√
2φ˜ ≡ e−iθ8/
√
3 1√
1 + φ†φ
(θ4 − iθ5, θ6 − iθ7)︸ ︷︷ ︸
Z†
w (76)
=
ie−iθ8/
√
3
√
1 +W 2
√
1 + φ†φ
W3 − i W−
W+ −W3 − i
 .
Consequently, the explicit form of the even supercurvature is
dΓ = d
(
e−iθ8/
√
3√
1 + φ†φ
)
∧
 w 02×1
01×2 e−iθ8/
√
3
+ e−iθ8/√3√
1 + φ†φ
 dw 02×1
01×2 d
(
e−iθ8/
√
3
)  (77)
+
−1
1 +W 2
(
e−iθ8/
√
3√
1 + φ†φ
)2Wi ∧Wjǫijkσk 02×1
01×2 0
− 4i e−iθ8/√3√
1 + φ†φ
 φe−iθ8/√3φ† 02×1
01×2 φ†wφ
Γeven.
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The explicit odd part reads
dΓodd + Γeven ∧ Γodd ≡
≡ −iΓeven

 02×2 dφ− 2 [W˜ · σ − g′√3B˜ · I2×2]φ
dφ† + 2φ†
[
W˜ · σ − 1√
3
B˜ · I2×2
(
1− 2√1−W 2)] 0

+i
 02×2 −φ ∧ d ln( 2√3B˜ · I2×2)
φ† ∧ d ln
(
W˜ · σ − 1√
3
B˜ · I2×2
)
0

︸ ︷︷ ︸
 . (78)
We have g′ =
(
1− 2√1−W 2), therefore this expression takes the form give in Section IV.
Remark 1 Note that in the above redefined ”tilde” quantities, the geometry of the group
manifold is included.
Remark 2 Note that in the case of the B field, it is induced by the phase θ8, by |θ| (e.g.
W3,W±) and by the supersymmetric sector of the model.
XI. APPENDIX III. THE EXTENDED SUPERCONNECTION: κAB
First at all we denote here the supergeometric product for two supervectors as usual:
(V1V2) ≡ V1 ·V2+V1∧V2, in particular for the spinor parameters (φ1φ2) = φ1αφα2 +φ1α∧φ2β.
Now we construct κAB as follows:
i) we select two fiducial spinors ψ0, ϕ0 ∈ SU(2|1) ground state, that mean that are
annihilated by the lower (upper) group operators as defined in appendix
ii) ψ0, ϕ0 under the action of the supergroup in the Borel symmetrical representation take
the following form
ψ = ±

Ω−1/4Φαβψ
0
a
Ω−1/4ραβψ
0
α
±ψ0β
 , ϕ = ±

Ω′−1/4Φα′β ϕ
0
a
Ω′−1/4ρα′β ϕ
0
a
±ϕ0β

where Ω =
(
1− ρρ+ ω∗ω − ΦΦ) and primed parameters indicate that the fiducial vectors
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are, in principle, under the action of different elements of SU(2|1):
SU(2|1) ∋ ψ ∧ ϕ = (ΩΩ′)−1/4

Φαβψ0a ∧ Φγ′β ϕ0γ Φαδψ0a ∧ ργ′β ϕ0γ ±Ω′1/4Φαδψ0a ∧ ϕ0β
ραδψ
0
α ∧ Φγ′β ϕ0γ ραδψ0α ∧ ργ′β ϕ0γ ±Ω′1/4ραδψ0α ∧ ϕ0β
±Ω1/4ψ0δ ∧ Φγ′β ϕ0γ ±Ω1/4ψ0δ ∧ ργ′β ϕ0γ ψ0δ ∧ ϕ0β
 .
If the elements of the group are the same then
SU(2|1) ∋ ψ ∧ ϕ = Ω−1/2

Φαβψ0a ∧ Φγβϕ0γ Φαδψ0a ∧ ργβϕ0γ ±Ω′1/4Φαδψ0a ∧ ϕ0β
ραδψ
0
α ∧ Φγβϕ0γ ραδψ0α ∧ ργβϕ0γ ±Ω′1/4ραδψ0α ∧ ϕ0β
±Ω1/4ψ0δ ∧ Φγβϕ0γ ±Ω1/4ψ0δ ∧ ργβϕ0γ ψ0δϕ0β − ψ0βϕ0δ

and when the symmetry is broken changing the vacuum (inverse Bogoliubov transformation)
we obtain as expected
SU(2|1) ∋ κAB ∝ Ω−1/2

0 0 0
0 0 0
0 0 ψ0δϕ
0
β − ψ0βϕ0δ
 .
XII. APPENDIX IV. DETERMINATION OF THE GROUND STATE VECTORS
V0: THE MEANING OF THE PHYSICAL VACUUM
i) In the pure boson V0 case
U+

A
B
C
 = 0→

0 ωu ϕu
0 0 ρu
0 0 0


A
B
C
 =

0
0
0
→ V0 =

A
0
0

and the coherent vector reads
V = gV0 → V0 = (1− ρρ)√(
1− ρρ+ ω∗ω − ΦΦ)

A
∓−ω∗+Φρ
(1−ρρ) A
Φ(1−ρρ+ω∗ω−ΦΦ)1/4
(1−ρρ) A
 .
ii) In the pure fermion V0 case
U−

A
B
C
 = 0→

0 0 0
−ω′∗l 0 0
−ϕl′ −ρ′l 0


A
B∗
C
 =

0
0
0
→ V0 =

0
0
C

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and the coherent vector reads
V = gV0 → V0 =

Φ
(
1− ρρ+ ω∗ω − ΦΦ)−1/4 C
ρ
(
1− ρρ+ ω∗ω − ΦΦ)1/4C
C
 .
iii) In the boson-fermion (symmetric) V0 case
Us

A
B
C
 = 0→

0 0 0
−ω′∗l 0 ρu
−ϕl′ 0 0


A
B∗
C
 =

0
0
0
→ V0 =

0
B∗
0

with the coherent vector
V = gV0 → V0 = (1− ρρ)√(
1− ρρ+ ω∗ω − ΦΦ)

ω+ρΦ
(1−ρρ)
1
−ρ
(1−ρρ)
B∗.
The specific choice depends on the structure of the Fock space.
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